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We present the theoretical study of the process Xco(lE) —>■ EEtt decay, by taking into account 
the ttE and ttE final state interactions of the final meson-baryon pair based on the chiral unitary 
approach. We show that the process filters the isospin 7 = 1 in the ttE channel and offers a reaction 
to test the existence of an 7 = 1 state with strangeness S = — 1 and spin-parity = 1/2“ around 
the KN threshold predicted by some theories and supported by some experiments. 
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I. INTRODUCTION 

The extraction of baryon resonances from experimen¬ 
tal data is one of the important aims in Hadron Physics 
and much progress has been done in the latest years [H- 

. The traditional tools to learn about these resonances 
have been the use of pion beams ai, photon beams 
UM and also kaon beams Q. The advent of new facili¬ 
ties as BES, CDE, LHCb is also contributing to enlarge 
the list of baryon resonances an. On the other hand, 
the theoretical work goes parallel and many predictions 
are made. The quark models jumped earlier in this arena 
[la - [l5|. b ut effective theories have also contributed their 
share [la - ll^ . The quark models seem to over predict 
the number of baryon states, giving rise to the problem 
of the missing resonances. The effective theories give rise 
to some dynamically generated states as a consequence of 
the interaction of two hadrons, which fit some of the ex¬ 
isting states, and also predict new states, most of them in 
the heavy sectors of charm and beauty. Some of the pre¬ 
dictions of these effective theories have been confirmed 
experimentally. One of the clear cases is the existence of 
two A(1405) states, which were first reported in Ref. [^ . 
discussed in detail in Ref. [l^ and later on confirmed 
in all theories using the chiral unitary approach [2ll - l^ . 
The experimental confirmation came from the work of 
Ref. 0 and the analysis of Ref. [s^, but other experi¬ 
ments have come to confirm it too (see the introduction 
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Ref. [1^ for details)0- Alternative, pictures for some 
N* states and the A(1405) involving pentaquarks have 
also been invoked [H, • Although not identical to the 

molecular representation, the need for more than stan¬ 
dard three quarks is also deduced in those works. An¬ 
other one of these successful predictions is the existence 
of a 77 state with spin zero at 2600 MeV and a width of 
about 100 MeV from the interaction of p ioj) and 77* [3^ . 
This state is also in agreement with the 77(2600), with 
a similar width, discovered after the theoretical work in 
Ref. [13 . The list of predicted states which has found ex¬ 
perimental support have been found is long (see Ref. [13 
as an example). Although it is premature to judge, the 
recent narrow pentaquark reported by the LHCb collab¬ 
oration [T3 could maybe correspond to the predictions 
made of a hidden charm state in Ref. [13 (see [Hj). 

With this favorable perspective, the purpose of this pa¬ 
per is to call the attention to a possible intriguing baryon 
state of = 1/2“, strangeness S' = — 1 and isospin 
7 = 1 around 1430 MeV, predicted in theories using the 
chiral unitary approach. This state shows up in the work 
of Ref. [13] and becomes a pronounced cusp (correspond¬ 
ing to a virtual state) in Ref. [13 ■ One should note that 
such borderline states are common and one of them, clas¬ 
sified as a resonance in the PDG, is the ao(980), as found 
in Ref. (421 - 143 ■ The existence of this state 7 = 1 has also 
been claimed from a different perspective in Ref. [13. 

One of the experiments that has brought some light 
on this state is the photoproduction of the A(1405) un¬ 
dertaken in Refs, [sol - lssj l and analysed in Ref. [13 • The 


^ The PDG will introduce officially the two A(1405) states in the 
next Edition of the Book 
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analyses in the experimental papers and in the theoret¬ 
ical ones differ in the predictions with respect to this 
state, although the two approaches lead to / = 1 states. 
We should note that the analysis of Ref. preserves 
unitarity in coupled channels, analyticity and all relevant 
properties of the scattering matrices, while some approxi¬ 
mations are done in Refs. [5ll - [^ . The result of Ref. [15 
is that there is a state of / = 1, around the KN thresh¬ 
old, similar to the ao(980), visible as a stron g cu sp and 
in agreement with the findings of Refs. [1^ 1^. It is 
clear that the extraction of this state is very problematic 
in conventional reactions which mix 1 = 0 and 7 = 1, 
and make it difficult to disentangle the 7=1 contribu¬ 
tion which, however, is of great importance to understand 
why are there such large differences in the shapes of the 
mass distributions of 7r+E“, 7r“E+, 7r°E°. 

In view of these problems we propose here a completely 
different method, feasible in present experimental facili¬ 
ties. The reaction proposed is Xcoi^P) —^ EEtt. The re¬ 
action Yrn(lP) —t SS has been measured at BESIII 
and CLEO and the branching ratios are of order of 
10“^. On the other hand, by looking at the PDG we 
find that the branching ratio for the analogous reaction 
Xco(l-P) is about three times larger than that of 

the Xcoi^P) Pp, without tt production. One is then 

talking about branching ratios of the order of 3 x 10“^, 
easily accessible at BESIII. Given the quantum numbers 
of the Xco(l^’), = 0+(0++) and the fact that 

the Xco(l-P) is a cc state, blind to SU(3), hence behav¬ 
ing like an SU(3) singlet, since the E has isospin 7 = 1, 
the ttE state must have also 7 = 1, to combine to the 
7 = 0 of the Xco{^P)- This is a good filter of isospin 
that guarantees that the ttE will be in 7 = 1. The 7=1 
state shows up more strongly in the ttE —>■ ttE amplitude 
than in ttE —>■ ttA [s^, so the ttE final state is the ideal 
channel within the approach used here. 

The idea followed here to filter 7=1 has its precedent 
in the studies of J/'ip decay into pp and a meson 
[ 5 ^ . Indeed since J/'ip has 7 = 0 and p I = 1/2, the 
combination of p and the meson will be in 7 = 1/2. This 
idea was used in Ref. to study the J/^/ —>■ pA^*(1440), 
in Ref. [b^ to study the J/ip ^ ppoj reaction and in 
Ref. [m to study the decays J/ip —>• ppTT{r], r]',uj). 

We study the reaction and evaluate the ttE mass distri¬ 
bution and we find that indeed, the filter works well and a 
clear signal for this state, with practically no background 
from the ttE amplitude, is found. We then propose the 
implementation of this reaction which should settle this 
issue definitely and might result in the observation of a 
new baryon resonance in the light sector. 


II. FORMALISM 

In this section, we will describe the reaction mechanism 
for the process of Xco ^ SEtt. 


A. The model of Xco SStt 



FIG. 1. (Color online) Diagrams for the XcO EEtt decay: 
(a) direct EEvr vertex at tree level, (b) final state interaction 
of ttE, (c) final state interaction of ttE, and (d) final state 
interaction of EE. 

We will assume a contact interaction for XcO EEtt 
as a primary step [see Fig. Ha)], and then we shall let 
the particles undergo final state interaction. This is 
the method to produce the dynamically generated res¬ 
onances, in this case, the 7 = 1 state, since they emerge 
as a consequence of the interaction of pairs of hadrons. 

When considering the ttE final state [see Fig.[T][b)], one 
must take into account that in the first step one can pro¬ 
duce other meson-baryon pairs that couple to the same 
ttE quantum numbers, then reaching the final ttE state 
through re-scattering. This forces us to see the possible 
meson baryon combinations in the first step. To this pur¬ 
pose, we must consider that the XcO is a SU(3) singlet, 
hence, since the E belongs to an SU(3) octet, then the 
ttE system will also be in an octet state. Since both the 
TT and E belong to SU(3) octets, then we have the same 
situation as in the Yukawa coupling and we have two in¬ 
dependent representation for 8(7r)(g)8(E) going to 8^* and 
8“. Technically, we can use an effective Lagrangian of 
the type 

C = D{B{‘^>,B})+F{B[B,‘^>]), (1) 

where the symbol ( ) stands for the trace of SU(3) ma¬ 
trices, and the matrices corresponding to the octet of 
mesons and octet of baryons are the following. 


The present paper is organized as follows. In Sec. El 
we shall discuss the formalism and the main ingredients 
of the model. In Sec. uni we will present our main results 
and finally, the conclusions will be given in Sec. IIVI 
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TABLE I. SU(3) isoscalar coefficients for the matrix 

elements. 


E 

KN 

ttE 

ttA 7 E 

KS. 

D 
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7*77 

7/7 

F 

4 

[2 

V 3 

0 0 

fl 

V 6 


and J/'0 —>■ pfry For the latter decay, they 
see an enhancement in the pp mass distribution close to 
threshold. The ES will couple to pp in coupled channels. 
So, any pole in the pp —>■ pp will also be present in the 
pp —^ EE amplitude. By taking into account the EE 
coupling to pp, Eq. can be rewritten as, 

M^-^) = Vp (/IttE + TttE + Tn-S T '^Pp) 1 (6) 
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By looking at the SU(3) isoscalar factors in the 
PDG 0 , we find the weights of Table H] in the isospin 
basis for the states. The sum of the isoscalar coefficients 
times D and F gives the weights hi, which go into the 
primary production of each meson baryon channel. 

Next, we incorporate the final state interaction of these 
meson-baryon pairs, which is depicted in Fig. [TJb) and 
(c). The amplitude M^-^) for the transition can 

be written as. 


where the Mx = 1835 MeV and Fjc = 100 MeV are 
the mass and width of the resonance Af(1835) m , and 
the normalization a stands for the amplitude strength. 
This should not disturb much our result, because the EE 
invariance mass > 2 Me = 2393 MeV, 560 MeV 
larger than the mass of Ar(1835). This is very far and 
should not have any effect. Yet, we are going to show 
that even in an extreme case this will not have any effect 
on the ttE mass distribution. 


= Vp (^ttE + Tn-s + T^f :)) (4) 

where Vp expresses the strength of an amplitude with 
h = 1, and Gi denotes the one-meson-one-baryon loop 
function, chosen in accordance with the model for the 
scattering matrix tij that will be described in the next 
section. and are the invariant masses of the 

final states ttE and ttE, respectively, and hi stands for 
the weights of the transition Xco BP'S at tree level, 
which are given by. 



In Eq. (U), the term with E introduces the sum over MB 
states considered before. Since the poles (consider one 
channel for simplicity) come from 1—VG = 0, and are the 
same for particle and antiparticles, the combination VG, 
and hence tG, entering Eq. ®, is the same for particle 
and antiparticles, and then, T^-e = T^-s- 

In addition to the above contributions [Fig.[TKa, b, c)], 
we will discuss the effect of EE coupling to pp, depicted in 
the Fig.[ljd). This is because the pp has an enhancement 
close to the threshold that is attributed to the resonance 
Ar(1835), which is seen in the decays of J/'0 —)• 77 r+ 7 r“? 7 ' 


B. The final state interaction 


Based on the chiral Lagrangian for meson-baryon in¬ 
teractions and the N/D method, the full set of transition 
matrix elements with the coupled channels in / = 1, KN, 
ttE, ttA, 77 E and iFS, can be expressed by means of the 
on shell factorized Bethe Salpeter (BS) equation, 

t=[l-VG]~^V, ( 8 ) 


where the matrix V is obtained from the lowest order 
meson baryon chiral Lagrangian [ 6 ^ , 


where the magnitudes and are the initial and fi¬ 
nal energies of the mesons, and the symmetrical coeffi¬ 
cients Fij are shown in Table 5 of Ref. [1^. The value 
/ = 1.15/^ with fji = 93 MeV, common to all channels, 
was used in Ref. [^, leading to a good fit to the data. 
The loop function G stands for a diagonal matrix with 
elements: 


Gi = i 


d*q Ml 


1 


(27r) Ei{q) + p° - q° - Ei{q) ie 
1 


— mf + ie 


Ml 


(Pq 


[2x2 ^d)Ei (g) -b - g° - Ei (g) -b ie 

( 10 ) 


where Mi and mi are the baryon and meson masses of 
the channel, and the cut-off Igmaxl = 630 MeV is used 
as in Ref. [ 2 ^. 
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Finally, the invariant mass distribution Xcoi^P) 
fi S TT reads 




1 4M| 

(27r)3 32M3 
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where and are the invariant mass of ttE and 
ttS. For a given value of , the range of is defined 
as, 


= {e: + Elf - - ml - fEf - m|) ' , 

{MPU^={e: +Elf- (^^Ef - ml + fE*P-ml)\ 



Minv (GeV) 


( 12 ) 


here E^ = )/2 M^e and E^ = - 

“ lWg)/2M,n.s are the energies of tt and E in the 
rest frame. 

The invariance mass of EE can be related to the M,rE 
and by 

^EE = Ml, +ml + 2Mi - MP - Ml^. (13) 

The on shell factorized BS equation of Eqs. @0) can 
be obtained from the Chew-Mandelstam N/D method 
[g^ by neglecting the left hand cut (which is normally 
included in the factor TV), but looking explicitly at the 
unitarity cut which is included in H, and is calculated 
using a dispersion relation. This is done explicitly in 
Refs. [iO, In Ref. [2^, the influence of the left hand 
cut in this interaction is found very small. But, even 
in case where this is not necessarily true, the distance 
of the left hand cut to the physical energies renders its 
contribution in the dispersion relation rather energy in¬ 
dependent such that it can be accommodated by means 
of a suitable choice of subtraction constants in the dis¬ 
persion relation, which are adjusted to data. The effect 
of the left hand cut can also be addressed within the BS 
equation as discussed in Refs. 1^ . 1^ . or using the 

inverse amplitude method [^. l7l|. In Eq. the ker¬ 
nel used for the BS e quat ion comes from the lowest or¬ 
der chiral Lagrangian [^. There has been much recent 
work including in the kernel the term from higher or¬ 
der chiral Lagrangian [26l - [^ I t^. However, as shown in 
Refs. the effect of higher orders in this interaction 

is very small, and can also be easily accommodated by 
suitable changes in the subtraction constants (or equiva¬ 
lently cut off) in the dispersion integral leading to the G 
function (see also Ref. for a recent review on this in¬ 
teraction and the two states of the A(1405)). Altogether, 
as shown in Ref. , by using the lowest order kernel of 
Eq. ([9]) and a suitable cut off to regularize the loops (G 
function), an excellent description of the low energy KN 
data and cross sections to coupled channels, in a wider 
range than the one investigated here, was obtained. 


FIG. 2. (Color online) Module squared of the txjv.hrv s-nd 
tii-E.TrE as a function of the invariant mass of KN (or ttE) 
system. 



M„j. (GeV) 


FIG. 3. (Color online) The ttE invariant mass distributions 
for the Xco(lR) —t EEtt decay with R= 1. 


III. RESULTS AND DISCUSSION 

In this section, we present our results for the process 
Xco EEtt. First, we show the module squared of the 
amplitudes and in / = 1 in Fig. [2] 

The cusp aspects are found at the KN threshold, the 
same as the result of Ref. . 

Next, we predict the ttE invariant mass distribution 
for the Xco(l-P) ^ EEtt decay in Fig. [3l We have two 
parameters D and F. Since we have an arbitrary nor¬ 
malization, we can work with R = F/D, and include the 
weight of D into the Vp factor. Hence, up to an arbitrary 
normalization, our results depend on the ratio R. The 
idea is to evaluate the mass distributions for different 
values of this ratio, and see if the strong cusp structure 
remains. In Fig. [31 the red solid line stands for the result 
of our full model, and the blue dashed-dotted line shows 
the contribution of the ttE interaction [the term of 
the Eq. ([3|)] . Finally, the green dashed line corresponds to 
the contribution of the tree level and ttE interaction [the 
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term /ittS +7^2 of the Eq. 0]. Here, we take R= 1. We 
observe a strong cusp structure around the KN thresh¬ 
old when the ttE interaction is taken into account. We 
can see that considering the interaction of the ttE in ad¬ 
dition does not practically influence the structure seen 
when one considers the ttE interaction alone. This is be¬ 
cause when we choose the invariant mass of ttE around 
the peak in the figure, the ttE invariant mass is very dif¬ 
ferent and is not affected by this structure around the 
KN threshold. 



1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 

M„j. (GeV) 

FIG. 4. (Color online) The ttE invariant mass distributions for 
the Xco(lH) —>■ EEtt decay with 7? = 1 by taking into account 
the effects of EE coupling to pp, and of the EE interaction. 
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We also show the effect of EE coupling to pp on the 
ttE mass distribution in Fig. U] The red solid line stands 
for the result of our full model, the blue dashed-dotted 
line corresponds to the result by adding the contribution 
of EE coupling to pp, and green dashed line shows the 
contribution of EE coupling to pp alone. The value of 
normalization has been chosen a = 300 MeV such that 
the effect of this term in the invariant mass distribution 
is sizeable, of the order of 25% increase in the mass dis¬ 
tribution, in spite of the large mass difference between 
EE and X(1835) commented above. As we can see, the 
shape of the ttE mass distribution does not change, still 
showing a clear cusp around KN threshold. Thus, we 
will neglect the effect of EE coupling to pp in the follow¬ 
ing. 

There is another test that we can conduct. It could 
happen that the EE interaction has some sharp struc¬ 
ture at threshold. This could be as a consequence of an 
attractive EE interaction which barely binds the system 
or fails shortly to do it. In the first case, we would get 
a bound state, in the second one a strong cusp structure 
on the EE amplitude. We consider this interaction by 
taking again Fig. [TJd), and for the EE scattering matrix 
we take the amplitude that stems from a potential 


— 


^sE “ ^se(-^se) 


(14) 


FIG. 5. (Color online) Module squared of the tss for different 
values of a: (a) a > 0, (b) a < 0. The black vertical lines 
stand for the threshold of EE. 


where is now given by, 

= 4 __, ( 15 ) 

which we regularize by a typical cut off |(fmax| = 600 
MeV [1^ (changes in |gniax| can be reabsorbed by changes 
in 

A pole at threshold requires V ~2 = Then 

we take, 

= Gse (2 Ms) + aA/|, (16) 

and for a > 0 we have a bound state, while for a < 0 
we get the cusp structure. In Figs.EKa) and (b), we plot 
I^seP fo show the structure that we have created. In¬ 
deed, a strong cusp structure around the EE threshold 
is observed for negative a. We take a value a = —0.001, 
which leads to a very pronounced cusp structure, to do 
the following exercise, but the same conclusions are ob¬ 
tained for any value of a. Then to take into account the 
contribution of the new structure in the ttE mass distri¬ 
bution, we add to Fq. (jH]) the term, 

^EE = ^7rEG2E(AIsE)ti;f;(M2s), 


(17) 
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and Eq. dd]) becomes now, 

(^ttS + TttE + T^f: + Tpp + T^e) ■ 

(18) 

We plot in Fig.|4]the result of adding this new structure, 
which is shown by the black dotted line. The magenta 
dashed-dotted-dotted line stands for the contribution of 
this ES interaction alone. As we can see, there is a small 
effect in the ttE mass distribution, but what is more im¬ 
portant, the ttS cusp structure has not been spoiled. 
Since the EE will annihilate, the b^E potential should 
also contain an imaginary part. For values of Imb^^ of 
the order of ReF^s j structures in the EE amplitude 

are softened and, a fortiori, the cusp structure in the ttE 
invariant mass remains unchanged. 

As we do not know the exact value of the ratio R, we 
calculate the differential decay width of this process with 
different values of R, and this is depicted in Fig. [6l We 
can see that for a wide range of values of R, the strong 
cusp structure around the KN threshold remains. It is 
interesting to observe that for positive values of R, we 
have a peak, but for negative values of i?, the peak is 
inverted, becoming a sharp dip. One must trace that 
to the isoscalar coefficients in Table HI If one takes R 
negative, then the ^tte.^e amplitude appearing in the 
of Eq. (ID) gets multiplied by /ittE , which is now negative, 
while the factor is positive when R is positive. 

We also show the results by using the coefficient 
given in Eq. (5) of Ref. [s^. The loop function G in 
Eq. ([5]) is obtained with the dimensional regularization 
and the subtraction constants was also taken from this 
referenced. First, we re-plot Fig. [2] with the new input, 
which is shown in Fig. 0 Both the shape of the KN —>• 
KN and ttE ttE amplitude module squared are same. 
The strength of the KN —KN amplitude is not much 
affected, but the one of ttE —>■ ttE is reduced by about 
a factor of two if the coefficients and the dimensional 
regularization are used. With the new input, we present 
the differential decay width of this process for positive R 
in Fig. [5] From this figure, we can see that the shapes 
and the cusp position are same as in Fig. [SI 

One may wonder why not to make the reaction from 
J/ip decay, since the SU(3) symmetry would be the same. 
The reason is that the Xco has quantum number = O’*". 
Then it decays into E (l/2“) (the negative parity because 
it is antiparticle), E (1/2+) and tt (0~). Then the decay 
can be accommodated with L = 0. If we start with the 
J/'ip (1“), we need L = 1 to restore the parity and one 
has a more complicated structure to couple spins and 
angular momenta. In principle, L = 0 should be also 
favored with respect to A = 1, and this could explain 
why the width of XcO to ppn is bigger than the one of XcO 


^ In Ref. |54| . only three channels of KN, ttS, ttA are considered, 
so we use the new coefficients Fij and dimensional regularization 
G for those three channels, and keep the same for the other two 
channels. 




FIG. 6. (Color online) The vrE invariant mass distributions for 
the Xco(lR) —t EEtt decay by including the full contributions 
with different values of R. (a): R is positive; (b) R is negative. 

to pp, while in the case of J/'ip, the rate of pp decay is 
bigger than that of ppn [ij . 



Minv (GeV) 


FIG. 7. (Color online) Same as Fig.[2]but with the coefficient 
Fij in Eq. (5) of Ref. and dimensional regularization G 
for the channels of KN, ttE, ttA. 

There is another aspect that one might like to bring to 
discussion and this is if the strong cusp can be associated 
to a resonance. Technically, one does not have a pole 
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FIG. 8. (Color online) Same as Fig. [Ua) but with the coeffi¬ 
cient Fij in Eq. (5) of Ref. and dimensional regularization 
G for the channels of KN, ttE, ttA. 


in the second Riemann sheet, but from the theoretical 
point of view, a state with small binding and one barely 
unbound, reflecting in a strong cusp, are obtained with 
small changes in the parameters of the theory and reflect 
the same physics. It is a question of criterion to adopt 
a classification for such a state. The fact is that the 
situation is identical to the one found for the ao(980) 
resonance, that both in the theory and in 

experiment [t^ shows a strong cusp structure around the 
KK threshold, and is classified as a standard resonance. 


IV. CONCLUSIONS 

In this paper, we have suggested to use the Xco(l^’) —>• 
EEtt reaction as a test of the existence of an / = 1, S = 
— I, and = 1/2“ resonance close to the KN threshold. 
The state appears in all theoretical works using the chiral 


unitary approach, but it is border line, meaning that in 
some works it appears as a weakly bound state, while 
in others, as a lightly unbound or virtual state, but in 
all cases, it is reflected as a strong cusp around the KN 
threshold. 

The reaction chosen guarantees that the ttE state is 
produced in J = I, and hence it is a Alter of isospin, 
facilitating the observation of states in this sector. We 
have shown that, up to an arbitrary normalization, the 
results depend on the ratio oi F/D which we do not know. 
But we observed that in a large range of values of this 
ratio, the cusp structure is always observed, as a peak, 
when F/D is positive, or as a sharp dip when F/D is 
negative. We have also shown that the values estimated 
are well within the range of possible measurements of 
BESIII, and the implementation of the experiment would 
be most welcome. 
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